Low-head hydroelectric generation may be an important electric power source in the future for certain areas in the United States. A methodology is discussed in this brief technical paper -for assessing the lowhead hydropower marketability in each of twelve regions covering the continental United States.
INTRODUCTION
There has been increasing national interest recently.in the development of small low-head hydroelectric plants.
Such plants have been defined to have a dam height of less than 20 meters, an electrical capacity of up to 15' Mw, and a reservoir capacity of 15000 acre-f eet or less.
This type of hydroelectric generation has been developed extensively in Europe, but until recently, the low fuel cost for electric thermal generation has not favored the economics of low-head hydropower production in the-United States.
In fact, many old plants in the United States have been abandoned.
Today, the fuel costs for thermal plants are riging rapidly, and under future economic conditions 16w-head hydroelectric generation may be cost competitive with thermal generation, particularly for localized applications.
Recent studies have begun to quantify the future potential of low-head hydropower.
The Army Corps of Engineers [1] has completed a preliminary estimate of the power and energy potential of existing dams throughout the United States, The Bureau of Reclamation [2] estimated that low-head hydropower may be cost competitive today at some sites in the West using existing dams.
The Bureau of Reclamation is presently supporting three studies in cooperation with the Department of Energy to:
(1) better identify the cost of hydroelectric development, (2) explore ways to reduce these costs, and (3) study the marketability of power and energy generated by low-head hydropower installations F 79 826-9 A paper presented at the IEEE/ASME/ASCE Joint Power Generation Conference, Charlotte, North Carolina, October 7-1 1, 1979 The objectives of the Phase I study were to:
(1) develop an assessment procedure for calculating preliminary estimates of the regional marketability potential of low-head hydropower, (2) provide a consistent framework for evaluating the marketability potentials in all regions, (3) develop a consistent data base to ensure the compatibility of data for all regions, (4) define ranking criteria incorporating the most important and quantifiable factors which provide a formal basis for comparison, and (5) use the methodology developed to assess the marketability of low-head hydropower in several regions and select those regions having the greatest potential for further study.
METHODOLOGY
The general approach was to separately calculate energy and capacity credits. The energy credit is calculated using average annual streamflow information. The capacity credit is calculated using streamflow data for the season when the electric power demnand reaches its annual peak. The approach calculates marketability as the value to electric utilities of the energy and power produced by low-head hydroelectric plants and integrated into the utility power-supply network. This phase of the study does not consider the cost of the hydroelectric plant.
Energy Credit
Each region studied included several river basins each with an annual low-head hydroelectric energy potential E. (kWh).
Letting the value of that energy to utilities throughout the region be expressed by K .Oe ($/kWh), the annual energy credit B ($) for the region is given by
where the summation is preformed over each river basin in the region.
Capacity Credit
Computing the capacity credit is more complex than computing the energy credit because seasonal streamf low uncertainty must be considered. The capacity credit is the value of the firm capacity available during the season when the electric load is at its annual peak. The-annual value K is the cost of planned new capacity multiplied by tSie levelized fixed charge rate for hydroelectric units.
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Ranking Criteria
Many different ranking criteria can be defined. Two important ones calculated in this study are:
The first criterion shows the total annual credit as the sum of the capacity and energy credits. This criterion indicates the potential annual value of small hydroelectric resources in each region. Figure 2 .
The okjeetive was to identify the region within eacharea having the greatest potential marketability. Generation mix data obtained from NERC [6] and FERC [4] and the WSCC ten-year plan [5] are shown in Table I for 1986 Council [9] . This data generally used the same river basin definitions as the Army Corps of Engineers report [1] and enabled probability distribution functions of the streamflows to be calculated.
It was assumed that the flow variability at the dam site followed the same pattern as at the gaging station. The Federal Power Commission [11] provides data on developed and undeveloped sites larger than 5 MW, but this data was not adequate to allow inclusion of undeveloped sites in the regional analysis.
RESULTS
Tabular results are presented in Table  III . The exhibit show,s the capacity credit for three confidence levels and the energy credit. Figures 3 and 4 (1) site-specific data will be used for representative sites having firm, seasonal, and random streamf lows. Phase I used average data over the entire region or subregions; (2) a utility generation expansion planning model will be used to determine-the change in plant mix, operation costs, and financing requirements over a 50-year period as low-head hydropower is installed and operated.
Phase-I assumed lowhead hydropower would reduce all types of planned conventional generation by an equal percentage; (3) the cost of low-head hydro facilit-ies will be estimated and compared with the total benefit in order to determine the fraction of the total low-head hydropower capacity that can compete economically with other forms of generation. Phase I considered only benefits, not the costs; (4) transmission and distribution credits will be estimated. 
